Introduction. Subependymomas are benign neoplasms intimately related to the ventricular system which only exceptionally associate hemorrhagic events. We present neuroradiological and pathological evidences of intratumoral hemorrhage within a single case of subependymoma operated on at our institution. Additionally we analyze retrospectively the well-defined reports of similar cases published in the scientific literature.
appear near the ventricular system and spinal cord. They are characterized by a benign clinical course, the rate of symptomatic subependymoma being estimated in a 40% approximately 8, 11 . Only exceptionally does this kind of tumor present an aggressive behaviour 13 . Spontaneous hemorrhage associated with these lesions represents an exceedingly rare event that may cause a rapid and severe neurological derangement in the patient. In this report, we present a single case of subependymoma displaying a spontaneous acute intratumoral hemorrhage, which was surgically removed on an emergency basis at our institution. We have performed a systematic review of clinical series and well-described single reports of subependymomas, analyzing the features and outcome of those cases associating tumoral bleeding.
Case report
A 71 year-old man was brought to the emergency department of a primary hospital by his relatives, after suffering an abrupt-onset episode of disorientation, incoherent speech and memory deficit. He suffered from arterial hypertension and chronic atrial fibrillation, so he was being treated with acenocumarol. An emergent brain computed tomography (CT) was obtained, demonstrating a solid mass near the left foramen of Monro, with signs of both intratumoral and intraventricular acute hemorrhage. There were also signs of active biventricular obstructive hydrocephalus (fig 1) .
During the transfer to our neurosurgical department, the patient presented a progressive deterioration of his level of consciousness from drowsiness to coma, requiring orotracheal intubation and mechanical ventilation. He was admitted in the intensive care unit, and an emergent magnetic resonance imaging (MRI) was obtained (fig 2, A-B) .
The patient was taken immediately to the operating room. Initial blood test showed an international normalized ratio value of 3 which was corrected to 1.3 by administering fresh frozen plasma and vitamin K during the surgical procedure. The tumor was completely removed through a left frontal transcortical approach assisted by neuronavigation ( fig 3) . An external drainage was left at the lateral ventricle for five days.
After the surgical procedure, the patient recovered progressively his normal level of consciousness. Nevertheless, he presented both temporal and spatial disorientation, and episodes of agitation. In addition, the patient exhibited anterograde and retrograde memory impairment with confabulation. The pathological study was diagnostic for subependymoma displaying areas of hemorrhage ( fig 4) .
The postoperative MRI study confirmed a complete resection of the mass was achieved (fig 2, C-D) . The last follow-up assessment of the patient, performed nine months after the surgical procedure, disclosed an improvement in his memory performance, so he was able to learn new material. He also recovered memory for past events, but could not arrange them in sequence. A residual lesion located at the basal forebrain was detected on the MRI, without evidence of hemorrhage or tumoral remnants ( fig. 2 , E-F).
Discussion
Subependymomas are benign tumors (WHO grade I) that represent a 0.2 to 0.7 of all intracranial neoplasms. They characteristically affect middle-aged and elderly men, and are preferently located at the fourth ventricle (50-60%), followed by the lateral ventricle (30-40%), septum pellucidum, third ventricle and spinal chord 11, 13 . The natural history of subependymomas has not been well defined, but 
.A) The patient was positioned in a neutral position on the Mayfield headholder and a left frontal craniotomy was delineated. B) A trans-sulcal (F1-F2) approach was performed. The tumor (t) became evident after disrupting the ependymal wall. C) The gray-pinkish mass showed to be congestive, with hemorrhagic areas. It could be dissected from the septal vein (SV), but it was attached to the ventricular floor by an area of hemorrhage (h). D-F) After complete resection of the tumoral mass, the anatomic elements of the lateral ventricles, such as the septal vein (SV) and the choroid plexus (cp), could be well identified.

Figure 4. Microscopic study of the tumoral mass. A) Sparse tumoral cells disposed within an eosinophilic fibrillary background (H-E x 80). There are areas of intratumoral hemorrhage without necrosis. B) Congested capillary vessels can be identified within the tumoral mass (H-E x 150). C) The tumoral cells display an intense positive GFAP immunostaining. Microcystic changes within the fibrillary network can be observed (GFAP x 80).
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Hemorrhagic subependymoma of the lateral ventricle 478-483 Table 1 Subependymomas the experience of many cases being found at autopsy and the low frequency of symptomatic cases (37%) indicates that these tumors display a slow or null rate of growth, with a high probability to remain asymptomatic thorough life 9 . The radiological characteristics of subependymomas are non-specific, making a definite preoperative diagnosis difficult. Aggressive features such as peritumoral vasogenic edema, mass effect, hemorrhage and dense enhancement indicating high vascularity are rare findings (12%) 11 . Overall ten cases of a subependymoma presenting with a hemorrhagic event have been reported in the literature (table 1) . Among these cases, three patterns of hemorrhage can be distinguished: pure intratumoral, pure extratumoral (intraventricular and/ or subarachnoid), and finally those subependymomas associating signs of both intra and extratumoral bleeding. The mechanism of spontaneous intratumoral bleeding within a subependymoma remains unclear 18 . Personal antecedents predisposing to hemorrhage have only been described in the case reported by Di Lorenzo (arterial hypertension) and in our own case (anticoagulation) 4 . It is surprising the fact that during the surgical procedure, most authors describe the subependymoma displaying radiological signs of intratumoral bleeding as an avascular mass, being the hemorrhage only demonstrated in the microscopic study. Most of these pathological descriptions include the presence of dilated capillaries, areas of recent microhemorrhages and/ or the presence of hemosiderin-ladden macrophages, indicating old hemorrhage 2, 17 . Only in two cases the presence of large areas of massive intratumoral hemorrhage has been reported 7, 13 . Noteworthy is the absence of these pathological findings within the cases of subependymoma associating a pure extratumoral hemorrhage, being this phenomenon considered by some authors a consequence of tearing of an ependymal or subependymal vein during tumoral growth 14, 18 . The clinical presentation of hemorrhagic subependymomas depends on the type of bleeding. An acute intratumoral bleeding can produce a sudden increase in the size of the mass, producing acute obstruction of the cerebrospinal fluid pathways, as observed in our patient 7, 13, 15 . Nevertheless, two cases of subependymomas presenting intratumoral areas of old hemorrhage, who only complained of long-term headache without signs of hydrocephalus, have been described 5, 17 . In contrast, the presence of extratumoral hemorrhage can produce a clinical picture indistinguishable from that of a subarachnoid hemorrhage 2, 4, 9, 14 . In this context a lumbar puncture may be performed without excluding the presence of a supratentorial mass, with the evident risk of brain herniation.
During the surgical management of a hemorrhagic subependymoma, the neurosurgeon must face two problems, namely hydrocephalus and tumoral removal, almost always being on the diagnostic suspicion of an aggressive neoplasm or a vascular malformation 6, 11 . It is our opinion, coincident with the attitude sustained by most authors, that a prompt tumoral removal can solve immediately both problems, avoiding shunting procedures and preventing new hemorrhagic episodes. The surgical approaches to the ventricular system performed by different authors managing hemorrhagic subependymomas were tailored depending on tumoral location and are summarized in table 1. Technical details have been extensively described elsewhere and are out of the scope of this report 12 . Six hemorrhagic subependymomas were completely removed. A partial removal was achieved in two cases, one of them presenting a fatal episode as a consequence of massive rehemorrhage of the residual tumoral mass 7 . One additional fatality was described in a patient who presented with massive intratumoral hemorrhage and could not be operated 13 . Neurological sequels were detected in three patients after the surgical procedure. Among them, one patient presented a left homonymous hemianopsia as a consequence of a parietal transcortical approach to the ventricular atrium 2 . Yamasaki et al., reported an anterograde memory deficit after a transcallosal removal of a lesion located at the left frontal horn, probably as a consequence of damage to the ipsilateral fornix 17 . Our patient presented disorientation, agitation and a global memory deficit with confabula- tion in the acute phase that gradually improved over nine months of follow-up. The discrete residual lesion disclosed on the MRI (fig 2D and 2E) involved the left septal nuclei, the anterior comissure, the diagonal band of Broca, the preoptic area and anterior hypothalamus ( fig 5) . This kind of basal forebrain lesion, mainly seen after removal of tumors and hemorrhage from anterior communicating aneurysms, tends to produce memory deficits which are less severe than those observed in patients with medial diencephalic or mesial temporal lobe damage, and characteristically do not affect non -declarative memory 10, 16 . It has been postulated that the amnesia following basal forebrain damage can be a consequence of the interruption of the cholinergic innervation that the nuclei located in this anatomical region provide to the hippocampus and neocortical areas 1, 3, 10, 16 . Nevertheless, the presence of clinically evident memory dysfunctions seems to depend on a combination of basal forebrain nuclei and fiber tracts lesions rather than on damage to a single structure 16 .
